Background: EpCAM or CD133 has been used as the tumor initiating cells (TICs) marker in hepatocellular carcinoma (HCC). We investigated whether cells expressing with both Ep-CAM and CD133 surface marker were more representative for TICs in hepatocellular carcinoma Huh7 cells.
EpCAM -cells, including enrichment in side population cells, higher differentiation capacity, increased colony-formation ability, preferential expression of stem cell-related genes, appearance of drug-resistant to some chemotherapeutics, more spheroid formation of culture cells and stronger tumorigenicity in NOD/SCID mice.
Conclusion: CD133

Introduction
Liver cancer in men is the fifth common cancer worldwide [1] . More than 90% of primary liver cancers represent hepatocellular carcinoma (HCC) [2] . Although chemotherapy and transplantation are used in clinic, the mortality of HCC still remains high [1] . It is attributed to recurrence and drug-resistance.
Tumor initiating cells (TICs) hypothesis provides a new insight into the formation of tumors. According to this hypothesis, TICs are considered with stem cell properties: self-renewal, differentiation, resistance and tumorigenicity as original [3] . TICs have been identified in some solid tumors, such as breast [4] , brain [5] , prostate [6] , lung [7] , head and neck [8] , colon [9] , pancreatic [10] cancers and melanoma [11] . More recently, there have been many researches revealed the existence of TICs in HCC. Several surface markers are used including CD133 [12] [13] [14] , CD90 [15] [16] , CD44 [17] , EpCAM [18] [19] , CD13 [20] , OV6 Ivyspring International Publisher [21] , and ALDH [22] . Cells with different markers possess similar TICs properties, but show great heterogeneity sorted from different laboratories. So until now, there are no generally accepted TICs markers in HCC.
CD133, a 5-transmembrane domain glycoprotein, expresses in normal [23] and tumor tissues. The function of CD133 is not entirely known yet, however it has been used as a marker of TICs in many solid tumors, including liver cancer [12] [13] [14] . Differential expression of CD133 in several HCC cells is confused. Thus, CD133 alone is not sufficient to detect TICs in HCC [24] . Recently, EpCAM has been identified as a potential marker of TICs in HCC. CD133 or EpCAM has been used as a surface marker of Huh7 TICs separately [13, 18] . However, EpCAM highly co-expresses with CD133 in Huh7 cells [18] .
Therefore, we hypothesized that cells expressing with both EpCAM and CD133 surface marker were more representative for TICs in Huh7 cells. In this study, CD133 + EpCAM + , CD133 + EpCAM -, CD133 -EpCAM + and CD133 -EpCAM -phenotypes in Huh7 cells were sorted to compare the characteristics of TICs. In vitro, colony ability, differentiation potential, resistance, spheroid assay and stem cell-related genes expression were measured by cell culture. Furthermore, the ability of tumorigenicity in vivo was detected in NOD/SCID mice.
Materials and Methods
Animals Care and Ethics Statement
Pathogen-free NOD/SCID female mice aged 5-6 weeks were purchased from the Animal Institute of the Chinese Academy of Medical Science (CAMS). These animals were housed in pathogen-free conditions and provided food and water at the Institute of Medicinal Biotechnology of CAMS facility. All animal studies were approved by the animal ethical committee of CAMS. This study was carried out in strict accordance with the recommendations in the Guide for the Care and Use of Laboratory Animals of CAMS (Permit Number: SYXK (Jing) 2007-0013).
Cell culture
Human hepatocellular carcinoma Huh7 cells were obtained from the ATCC (Frederick, MD). Huh7 cells were cultured in DMEM supplemented with 10% inactivated fetal bovine serum and 1% penicillin-streptomycin (Gibco, USA 
Side population analysis
Cells were suspended at 1×10 6 cells/mL in DMEM medium with 2% fetal calf serum and 10 mM Hepes. These cells were incubated at 37℃ for 120 min with 5 μg/mL Hoechst 33342 (Sigma, USA) with intermittent mixing, either alone or in the presence of 50 μM verapamil (Sigma, USA). After incubation, cells were washed by PBS solution supplemented with 2% fetal calf serum and 10 mM Hepes. Then cells were incubated with appropriate concentration of anti-human CD133-PE and anti-human EpCAM-APC as mentioned in flow cytometry analysis. Cells analysis and purification were performed on FACS Aria II (BD Biosciences, CA). The expression of CD133 and Ep-CAM were detected in enriched side population (SP) and non-side population (Non-SP) cells.
Western blot analysis
Briefly as described previously [25] [26] , quantified protein lysates were separated by SDS-PAGE, transferred to polyvinylidene difluoride membrane (Millipore, USA) and probed with primary rabbit anti-EpCAM (1:500, Cell Signaling Technology, USA), mouse anti-CD133 (1:200, Miltenyi Biotec, Germany), rabbit anti-β-tublin (1:500, Santa Cruz, CA) overnight at 4ºC. Then the membranes were blotted with an appropriate horseradish peroxidase-linked rabbit or mouse secondary antibody (1:3000, Cell Signaling Technology, USA). Electrochemiluminescence was performed according to the manufacturer's instruc-tions with ChemiImager 5500 imaging system (Alpha Innotech Co., CA). β-tublin was used as loading control.
Immunofluorescence assay
Cells were stained with rabbit anti-EpCAM (Cell Signaling Technology, USA) and mouse anti-CD133 (Miltenyi Biotec, Germany) as primary antibodies. FITC-conjugated anti-rabbit IgG (R&D, USA) or Rhodamine-conjugated anti-mouse IgG (Beyotime, China) were used as secondary antibodies. In the end, cells were counterstained with Hoechst 33358 (Beyotime, China) and photographed under a microscope (Nikon, Japan).
Plate colony formation assay
Sorted cells were seeded at a density of 5,000 cells per well in 6-well plates and cultured for 14-21 days. Cells were fed with new culture medium every 3 days. Primary colonies were trypsinized into single cell and counted, and then cells were replanted and cultured under the same conditions. In the end, cells were stained with hematoxylin (Beyotime, China), photographed by ImageQuant gel imager (GE, UK) and counted.
Soft agar colony formation assay
Various phenotype cells were detected with CytoSelect 96-Well Cell Transformation Assay (Cell Biolabs, USA). In brief, the mixture, containing 1.2% agar solution, 2×DMEM medium and 1,500 sorted cell suspension (1:1:1), was added into 96-well microplate. Plates were incubated for 8-10 days, and then performed quantitation of cell growth using the fluorescence measurement on EnVision Multilabel Reader (PerkinElmer, USA) with a 485/520 nm filter set [27] . Colonies were visualized by 0.1% P-Iodonitrotetrazolium violet (INT, Sigma, USA) staining and photographed by inverted microscope (Olympus, USA).
Drug resistance
After four sorted phenotypes were incubated for 48 h, IC50 concentration of 5-fluorouracil (5-FU) or doxorubicin (DOX) (Sigma, USA) was added. Then cells were incubated for an additional 48 h. Cell viability was determined by SRB cell proliferation assay as previous described [28] .
RNA isolation and real-time PCR
Total mRNA was extracted from the cells by TRIzol reagent (Invitrogen, CA) with an extra step of acid phenol extraction. RT-PCR was carried out using a SuperScript TM one-step RT-PCR kit (Invitrogen, CA) as described previously [25] . Real-time quantitative PCR amplification was performed with FastStart Universal Probe Master Mix (Roche, Germany) in CFX96 Real-time System (Bio-Rad, USA). TaqMan PCR primers and probes specific for human Nanog (assay ID: Hs02387400_g1*), Sox2 (assay ID: Hs01053049_s1) and Oct4 (assay ID: Hs00742896_s1) were obtained from Applied Biosystems (USA). Endogenous control GAPDH primers and probe were synthesized by Takara (Kyoto, Japan) as follows hGAPDHF: 5'-GGA CCT GAC CTG CCG TCT A-3'; hGAPDHR: 5'-TAG CCC AGG ATG CCC TTG AG-3'; hGAPDHP: 5' -CCT CCG ACG CCT GCT TCA CCA CCT-3'.
Spheroid formation
Cells free from serum were suspended in modified DMEM/F12 medium supplemented with 2% stem supplement, 2% B27 supplement, 1% penicillin-streptomycin, 1.8% bovine serum albumin (Gibco, USA), 20 ng/mL epidermal growth factor (EGF), 10 ng/mL basic fibroblast growth factor (bFGF, Invitrogen, CA), 5 μg/mL insulin (Sigma, USA), 50 ng/mL heparin (Stem cell Technologies, CA) [29] . The cells were subsequently cultured in ultra low attachment 24-well plates (Corning, USA) at a density of 5,000 cells per well. After 7 days of culture, spheres were counted and photographed under microscope (Nikon, Japan).
In vivo tumorigenicity assay
Freshly sorted cells were collected in sterile DMEM without FBS. 200 μL cell suspension, mixed with matrigel (BD Biosciences, CA) (1:1), was subcutaneously injected into each NOD/SCID mouse. CD133 + EpCAM + and CD133 -EpCAM -cells were injected into two opposite sites of same mouse, while CD133 + EpCAM -and CD133 -EpCAM + cells were injected into same mouse. The incidence of tumors was examined bi-weekly. After anaesthesia with chloral hydrate, mice were killed at 90 days after injection. The tumors were fixed with 4% paraformaldehyde and stained with hematoxylin-eosin (H&E).
Statistical analysis
Data of flow cytometry were expressed as the arithmetic mean. Other data were expressed as the arithmetic mean ± SD. Statistical analysis was performed using the t test. Probability of tumorigenicity in the study was analyzed by the Kaplan-Meyer method. P<0.05 was considered statistically significant.
Results
Differential expression of CD133 and EpCAM in HCC cells
The flow cytometry results showed that CD133 and EpCAM expressed differentially in Bel7404, Bel7402, Huh7, SMMC7721 and HepG2 cell surfaces (Fig. 1A) . CD133 and EpCAM were obviously co-expressed only in Huh7 cells compared with other HCC cells. Consistent with these results, the expression of CD133 and EpCAM in HCC cells were also confirmed by western blot analysis (Fig. 1B) . In Huh7 cells, the co-expression of CD133 and EpCAM were observed in cytoplasm and membrane ( Fig. 2A) . It suggested that CD133 and EpCAM were related to each other in Huh7 cells.
Preferential expression of CD133 and EpCAM in SP cells
SP cells are considered as TIC in HCC [30] . SP and non-SP cells were enriched to investigate the expression of CD133 and EpCAM by flow cytometry analysis. SP cells were 1% in Huh7 cells, which were obviously diminished in the presence of verapamil, a calcium channel blocker. The number of cells co-expressed with CD133 and EpCAM was 13-flod in SP cells compared with non-SP cells (Fig. 2B) . The results suggested that CD133 + EpCAM + cells might preferential display the SP characteristics. 
High differentiation potential of CD133 + EpCAM + cells
Four phenotypes of CD133 -EpCAM -(R1), CD133 -EpCAM + (R2), CD133 + EpCAM -(R3), CD133 + EpCAM + (R4) in Huh7 cells were sorted by flow cytometry (Fig. 2A) . To determine the sorting efficiency, the purity of various phenotype cells was more than 85% verified immediately after sorting (Fig.  2B) 
Increase of colony formation ability in CD133 + EpCAM + cells
Plate primary colony formation assay showed that CD133 + EpCAM + cells markedly enhanced bigger and more tumor colonies by 1.8-fold, 1.9-fold and 7.9-fold than CD133 + EpCAM -, CD133 -EpCAM + and CD133 -EpCAM -cells respectively. Secondary colony formation assay also showed that CD133 + EpCAM + cells formed bigger and more tumor colonies than other three cells (Fig. 3A) . In soft agar colony formation assays, CD133 + EpCAM + cells induced bigger and greater numbers of tumor colonies than CD133 -EpCAM + , CD133 + EpCAM -, CD133 -EpCAMcells. The reading of fluorescence of CD133 + EpCAM + cells was higher than that of other three cells (Fig. 3B) . The data suggested that CD133 + EpCAM + cells possessed stronger clonogenic ability than other three cells. In plate colony formation assay, various phenotypes were cultured for 14-21 days, and then the primary colonies were replanted for another 14-21 days. Each experiment was performed three times. B. In soft agar colony formation assay, various phenotypes were planted on soft agar and cultured for 8-10 days. The stained colonies were photographed, and measured by the fluorescence reader. Data were from triple separate experiments. *P<0.05 to CD133 -EpCAM -, †P<0.05 to CD133 -EpCAM + , #P<0.05 to CD133 + EpCAM -.
Augmentation of proliferation and drug-resistance in CD133 + EpCAM + cells
Drug-resistance as the characteristics of TICs has been reported in various cancers [31] [32] [33] [34] [35] [36] . Unsorted Huh7 cells were treated by DOX and 5-FU for 48 h. Cell proliferation assay showed that IC50 concentration of DOX and 5-FU on unsorted Huh7 cells were respectively 0.3 μM and 192 μM (data not shown).
In non-treatment group, CD133 + EpCAM + cells proliferated significantly faster than CD133 -EpCAM + and CD133 -EpCAM -cells. CD133 + EpCAM -cells proliferated faster than CD133 -EpCAM + and CD133 -EpCAM -cells (Fig. 4A) . In DOX or 5-FU treated group, CD133 + EpCAM + cells showed increased resistance than CD133 -EpCAM -cells (Fig. 4B) .
It suggested that increased proliferation and drug-resistance were displayed in CD133 + EpCAM + cells.
Upregulation of stem cell-related genes in CD133 + EpCAM + cells
Many researchers found that TICs could express stem cell-related genes [37] . To determine stem cell-like properties, we detected three stem cell-related genes: Nanog, Sox2 and Oct4. CD133 + EpCAM + cells expressed higher mRNA level of Nanog than CD133 + EpCAM -and CD133 -EpCAMcells. CD133 + EpCAM + cells expressed higher mRNA levels of Sox2 and Oct4 than CD133 -EpCAM + and CD133 -EpCAM -cells (Fig. 5A) . It was noteworthy that the expression of Sox2 and Oct4 in CD133 + EpCAMwere more than that in CD133 -EpCAM + cells, while there were no significant differences of Nanog between these cells. The expression of Nanog, Sox2 and Oct4 genes were low in CD133 -EpCAM -cells. The results suggested that CD133 + EpCAM + cells might preferential display the stem cell-like characteristics.
Raised spheroid formation capacity of CD133 + EpCAM + cells
TICs have been enriched in nonadherent spherical clusters of cells in breast, liver and colon cancer cells [38] [39] [40] . Four sorted cells were cultured in serum-free medium for 7 days. The results showed that CD133 + EpCAM + cells formed larger, compacter and more spheroids than other three cells (Fig. 5B) . 
Enhanced tumorigenicity of CD133 + EpCAM + cells in NOD/SCID mice
To analysis the tumor initiating capability, NOD/SCID mice were transplanted with various amounts of CD133 -EpCAM -, CD133 + EpCAM -, CD133 -EpCAM + and CD133 + EpCAM + cells. In 10,000 cells group, CD133 + EpCAM + cells possessed higher tumorigenicity and faster tumor growth than other three phenotypes. In 5,000 and 1,000 cells groups, CD133 + EpCAM + cells possessed higher tumorigenicity and faster tumor growth compared to CD133 -EpCAM + and CD133 -EpCAM -cells. In 500 cells group, only CD133 + EpCAM + cells formed tumor mass (Table 1, Fig. 6A ). For example, CD133 + EpCAM + cells, but not CD133 -EpCAM -cells, could efficiently initiate tumors in NOD/SCID mice (Fig. 6B) . Sorted CD133 + EpCAM + cells formed similar histological features of xenograft tumors as unsorted Huh7 cells (Fig. 6C) . The results showed that CD133 + EpCAM + cells embodied the increased tumorigenicity in vivo. 
Discussion
Because of different experiment methods and cell types in every research group, the confusion results have been found in HCC. Recently, CD90 and CD13 have been used to identify HCC TICs, while CD44 and CD24 are mainly used as breast or pancreatic TICs markers [4, 10, 16, 20] . Using flow cytometry assay, we found the low expression of CD90, CD13 or CD44, and high expression of CD24 in HCC Bel7404, Bel7402, Huh7, SMMC7721 and HepG2 cells (data not shown). Otherwise, EpCAM or CD133 as an efficient marker of TICs has been proved by many researches in HCC, especially in Huh7 cells. Thus, we chose EpCAM and CD133 as the biomarkers of TICs.
In spite of single marker, two markers are combined to identify and isolate TICs precisely. CD133 + CD44 + phenotype in SMMC7721, MHCC-LM3, and MHCC-97L cells [17] , CD133 + ALDH + phenotype in PLC8024 cells [22] , and CD45 -CD90 + phenotype isolated from human tumor specimens and blood samples [16] [30] . Consistent with these results, our study showed that CD133 + EpCAM + cells possessed drug-resistant characteristic.
Stem cell-related genes Nanog, Sox2 and Oct4 are important for proliferation, self-renewal, and differentiation of stem cells [42] [43] . Stem cell-related genes have been reported in TICs recently [13, 18] . In this study, stem cell-related genes were also up-regulated in CD133 + EpCAM + cells. These might be the causes for the enhancement of self-renewal and differentiation in CD133 + EpCAM + cells, but need for further investigation. To observe the effects of CD133 or EpCAM, CD133 + EpCAMcells were compared with CD133 -EpCAM + cells in Huh7 cells. Exception of high expression of stem-related genes in CD133 + EpCAM -, there was no significant difference between two markers in vitro. In vivo, CD133 + EpCAM -cells had been found more tumorigenic potential than CD133 -EpCAM + cells. It suggested that CD133 had more relative characteristics of TICs than EpCAM. Moreover, EpCAM has been proved to be a direct transcriptional target in the Wnt/β-catenin signaling pathway [44] . CD133 has been decreased through the blockade of Notch pathway [45] . It is worthwhile for further study of these signaling pathways on CD133 and EpCAM in Huh7 cells.
Although the high expression of EpCAM in After flow cytometry sorting, CD133 + EpCAM + cells differentiated into the other phenotypes in medium with FBS, which was confirmed by other group [18] . Recently, it has been reported that spheroid cells expressed TICs characteristics [38] . Taken together, the combination of multi-marker sorting and the spheres formation might be the better strategy to maintain the TICs characteristics in a restricted period of time. It will be more suitable for studying basic biology of TICs and screening new drug targets.
In conclusion, our data suggest that CD133 + EpCAM + phenotype precisely represented the characteristics of TICs in Huh7 cells, including self-renewal, differentiation, resistance, tumorigenicity. It may promote the basic research on TICs and drug-screening.
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